ABSTRACT
I. INTRODUCTION
There is still a lot of investigation on how to improve the performance of UMTS. At the verge of being deployed, this 3G system has to meet the market's expectations on the promised increased bit-rate, and quality of service. Since a typical cell serves a significant amount of simultaneous users, such increased rates must be available under normal working conditions. This work was elaborated as a result of the participation in the B-BONE (Broadcasting and Multicasting over Enhanced UMTS Mobile Broadband Networks) project. The project aims at providing a fundamental contribution to the evaluation and development of Enhanced UMTS networks. In this paper, we investigate the effect of using subtractive MUD schemes at the Base-Station (BS), for uplink transmissions. These schemes don't apply for downlink due to the extra processing power that would be required from the User Equipment (UE), the usage of orthogonal spreading codes to distinguish between users (therefore minimizing interference) and, most of all, due to the excessive overhead control bits the UE would have to receive from the BS. For downlink transmissions, a pre-distortion filter has been advised for usage [4] .
The idea of subtractive MUD schemes is to try to remove the interfering signals from each user's received signal usually referred to as multiple access interference (MAI). To do that, it needs to estimate the messages of all interferers, and subtract them from the received signal. There are two main types of implementations for subtractive MUDs studied in this paper: PIC [1] and SIC [2] [3] . The studied schemes operate at the spreading code level, therefore being of simple implementation, with relatively little complexity. Previous studies have shown [9] that results obtained with these simple schemes are quite acceptable, and can be considered against implementing a higher complexity MUD scheme where the soft-information metrics of the turbo decoder is also used to enhance the suppression of the MAI by the MUD. From [9] , a multipath interference canceller could also have been used for the Uplink, but since only QPSK (and not 16QAM) modulation is used, the reference user's own multipath interference is negligible.
The structure of the paper is as follows. In Section II, subtractive multi-user detectors are introduced. Section III briefly describes the simulator and simulations ran. Section IV presents the performance results of the usage of the MUD schemes in the UMTS. Finally the conclusions are drawn in Section V.
II. SUBTRACTIVE MULTI-USER DETECTORS
Subtractive MUDs perform an estimate and respective subtraction of the Multiple Access Interference (MAI). These detectors can perform the interference cancellation directly on the received signal (case at hand), after the reception filter. The MUDs employ multiple iterations in the estimation algorithm and have the advantage of being of easy implementation. The BS received signal model used is:
where K users and no multipath is assumed (though in the performance evaluation, multipath is used, it wasn't included in the formula for simplification), 
If i=k then i,k =1 and if ik, 0 i,k <1(0 if the spreading sequences are orthogonal to each other). In the UMTS system, though Hadamard sequences are used to differentiate between physical channels for a specific user, due to the different propagation delays (the users in Uplink aren't synchronized), no orthogonality is present between users. Thus, spreading sequences in Uplink have the sole purpose to distinguish between physical channels belonging to the same user. To distinguish between users, different scrambling sequences are used, with a lower cross-correlation than would be expected from the spreading sequences. Throughout this paper, the spreading sequence for a certain user can be seen as the combination of the Hadamard sequence and the scrambling code of such user. Figure 1 shows the MUD block diagram for each user detection processing. It consists of synchronizing the message for the user at hand, despreading it after passing through the Rake receiver (in the event of multipath, with perfect channel compensation in our case), and making a decision on the bits. After such decision is made, the bits are once again spread, passed through the channel emulator and desynchronized, in order to obtain the estimate of the user's received signal, which can then be used for subtracting that user's interference from all the others. For the study at hand, different signal decisions and iteration weights were tested. The signal decision can be hard, soft or clipped soft ( Figure 2 ). Hard and soft decisions are used in the majority of the literature, while clipped soft is an easy to implement scheme that is very close to the optimal decision function for the intermediate estimates (hyperbolic tangent). The hyperbolic tangent wasn't used due to the need and difficulty of estimating the required parameters for its usage [5] . Note that the usage of hard decision is recommended for high values of E b /N 0 , since the estimates for this case are precise, and thus the interference is correctly modeled. For low values of E b /N 0 however, the estimates are very imprecise, and making a decision on basis of an imprecise bit could lead to an incorrect decision, and cause further interference by using wrong estimates for removal. Thus, soft decision is advisable for such cases, where no compromise ought to be taken. This is true as long as the estimates aren't out of bounds. Since the soft decision mechanism provides a weight of reliability of the bit, a very high reliability could render the bit's estimate to be a 2, instead of 1. The value 2 simply means that the probability of the bit being a 1 is greater than if the reliability factor were to be a 1.9. Thus, this kind of decision also has its drawbacks, since the estimated value could add some interference of its own. The clipped soft decision device makes use of the best features of both the hard and soft schemes. It takes soft decisions for low values, and performs hard decisions for higher estimates. Also, since the estimates are improved as the number of iterations of the MUD is increased, this type of decision function is adaptive, in the sense that most decisions from the initial iterations are soft, and from the final iterations are hard. The clipped soft decision is thus expected to yield the best results. The Iteration Weight Block is mainly used in schemes whose signal decision block performs hard/ soft decision. The weights are smaller for the initial iterations, and are increased as the variance of the estimate becomes smaller, following the same reasoning as that presented for the clip device. The two subtractive MUD schemes considered in this paper are the PIC (Figure 3 ) and SIC ( Figure 4 ). Both are very similar in essence, the main difference being that PIC operates in parallel, estimating the messages of all users at once, whereas SIC operates sequentially, estimating the message for each user one at a time, beginning with the users whose power is highest. This work assumed equal power levels for all users, including the interferers, and thus no ordering of power levels or amplitude estimation had to be performed. In a conventional PIC detector, there are K correlators, one for each signal to detect. Usually, at least 3 iterations are performed for best results. In an iteration, each message pertaining to each user is estimated, and the estimated interference for each user (sum of all other user's messages) is subtracted from the original message. Equation (3) represents the interference elimination for user k after v+1 iterations (^-estimated values). 
The SIC detector is based on removing the interfering signals from the received signal, one at a time as they are detected. It has only one correlator, and thus has a greater delay than the PIC. Equation (5) represents the interference elimination for user k at iteration v+1.
III. SIMULATOR SPECIFICATIONS
A link level simulator based on UMTS was built, from the transport block level, turbo coding, transmission of the encoded chips, Tapped Delay Line (TDL) channel model, RAKE receiver, turbo decoding, and all necessary operations up to the received transport block. All modules specified in the standards [6] [7] [8] were implemented, with the addition of the MUD schemes at reception. Perfect channel estimation and synchronization was assumed. TABLE 1 summarizes the different simulations ran. Both PIC and SIC were simulated, with different bit decision schemes, number of iterations, number of interferers, services and channels. Specific simulations were performed in order to find the best parameters in terms of MUD scheme, bit decision and iterations. Figure 5 and Figure 6 show the BER results in AWGN for the case of a PIC MUD channel using different signal decision algorithms, iteration weights and different number of iterations, considering Spreading Factor (SF) of 32 and no channel coding. From the results, we can see that the clipped soft algorithm with 3 iterations and equal iteration weights perform best, and boasts a significant performance increase over a similar scheme without MUD. Figure 7 shows similar results but using a SIC MUD channel. From that, the conclusion is that the SIC and PIC performances are very similar, since equal power levels were used for all users. The SIC method has the advantage of being less complex, but requires a greater delay. For instances with different power levels for different users, the SIC method should outperform the PIC. For simulation of the considered channels, services and interference mix, the PIC with clipped soft decision, 3 iterations and equal iteration weights was considered for the rest of the simulations. A velocity of 10km/h was considered for both Indoor A and Pedestrian A channels, whereas 50km/h was used for Vehicular A. Only the real UMTS services of Uplink 64kbps (SF=16) and 144kbps (SF=8), using the main channel models taken from the standards, depicted in TABLE 1 between these two bounds. Both the cases for SF=8 and SF=16 are depicted in each figure.
IV. SIMULATION RESULTS
In Figure 8 the BER performance of the PIC in the Indoor A channel is plotted considering 5 interferers. We note that the performance increase for multipath fading channels is greater than for the simple AWGN case, due to the existing performance floor for high power values. In Figure 9 the number of interferers is increased to 10.
Comparing these results to those of 5 interferers, we see that the PIC's performance is similar for SF=16 until a certain stage, where a floor is obtained for high power values. Analysing the case for SF=8, this situation is more evident; while the case for 5 interferers boast PIC results with a 0.5 dB offset to the single user case, the case for 10 interferers doesn't accompany the single user case due to a high floor in the performance level, having an offset of 4 dB for Eb/N0=12 dB. Figures 9, 10 and 11 portray the same schemes under different channel conditions. From figures 9 and 10, we see that differences are minimal. This is due to the similarity between channels (both have 2 major multipath components). Anyway, due to the IndoorA channel resembling more closely the 2 equal power Rayleigh paths case, results are minimally better than for PedestrianA.
Results for the Vehicular A are by far the best. This is due to the amount of multipaths (about 6 of considerable power), adding a great amount of diversity. Also, due to its high velocity, the case of generalized fades across multipaths are very scarce (note that in the real system, channel estimation issues invert this, since it becomes harder to obtain correct estimation as the velocity and number of interfering paths increase). Figures 12, 13 and 14 display the BLER performance of the PIC. Following the UMTS specifications, a block size of 2880 bits is used for SF=8 and 1280 bits for SF=16. For a typical Circuit Switch mechanism, optimal working conditions demand a BLER operating value of 1%. This results in operating points below 10 dB for the Vehicular case with 10 interferers and the cases in which the number of interferers are fewer than 5. For the presence of 5 or more interferers in IndoorA and PedestrianA channels, power levels above 10 dB are required. Note that 10 interferers using a service of SF=8 isn't accomplishable in both IndoorA and PedestrianA channels. Table 2 displays the operating points for a BLER of 1%, taken from the figures.
V. CONCLUSIONS
The uplink transmission for the UMTS system needs some kind of interference cancellation scheme in order to provide the required operating conditions for each user. With this paper, we saw the expected performance results obtained with the usage of a Multi-User Detector with optimized settings. The main UMTS channels were analyzed, for the expected most common uplink services (64kbps and 144kbps), with a realistic load of interference. In order to reduce delay time, a PIC scheme was chosen and analyzed in particular, with the best proposed bit decision device and ideal number of iterations, tested via AWGN simulations for different cases. It was found that, in normal Rayleigh fading channels using the best studied PIC configuration, services with SF=8 performed well with PIC, until a load of about 5 interferers. For 10 interferers, only services with a SF=16 are feasible, unless in the case of VehicularA channels using perfect channel estimation. Table 2 -Operating points using PIC
